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Abstract 
The paper presented here belongs to the researches about the influence of the technological parameters for obtaining a special 
wear-resistant spheroidal graphite cast iron and his abrasive wear. The studied cast iron had an addition of copper and 
molybdenum and was elaborated in an induction furnace and the nodular changes were obtained with the "In mold" method. Start 
from a perlito-feritic structure in the raw state, after applying an isothermal heat treatment, the structure is constituted of inferior 
binate, residual austenite and marten site with optimal values of abrasive wear and micro-hardness. This material is used for a 
few automotive components with good results and the abrasive wearing was done on a laboratory plant type.  
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1. Introduction 
At present, very limited information on the abrasive wear properties of austempered ductile iron is available. 
Wear is one of the major ways by which materials cease to be useful (Sugishita, et. al., 1982). 
Process plant and subsidiary processes contend with a much bigger wear problem than in the case of machine 
parts, although their life is often much shorter. Therefore, it is important to enhance the wear resistance of cast irons. 
Wear, in effect, is the progressive detachment of material from the surface layers of a component during its 
operation, to change the initial status of contact surfaces. Placental material may be caused by mechanical action, 
chemical attack corrosion), thermal requests, a.oth.  
In general, it supports the proposed classification (Barwell, 1966) relating to the four fundamental types of wear 
(dry and in the presence of lubricants): 
- Wear adhesive or adhesion, which seems to be the result of joining surfaces when the actual contact surfaces 
reach distances at which manifests molecular forces of attraction; 
- Abrasion and abrasive wear, is due to the effect of cutting and scratching, exercised hard particles which, 
coming from different sources, came from friction surfaces; 
- Wear corrosion or corrosion, which is due to chemical reaction between agencies aggressive environment 
existing in the lubricant or friction and rolling bodies in the joint friction torque; 
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- Tiredness or fatigue wear, wear is a complex and the underlying phenomena of plastic deformation, 
compression, hardening, residual stresses production, etc. 
The combination of high strength and high toughness achieved by A.D.I. suggests the engineering use of this 
material will continue to expand (Simon, 1996). 
It has been used for many applications and there have been a number of papers published, which refer to the 
structure, and properties of ADI (Liu, et. al., 1995). Process plant and subsidiary processes contend with a much 
bigger wear problem than in the case of machine parts, although their life is often much shorter (Studnicki, et. al., 
2006). Therefore, it is important to enhance the wear resistance of cast irons used in automotive industry (Cueva, et. 
al., 2003). 
2. Research 
2.1. Materials 
The studied cast iron has the following chemical composition (% in weight): 3.67% C; 2.43% Si; 0.53% Mn; 
0.035% P; 0.007%S; 0.062% Mg; 0.34% Mo; 0.19% Cu. 
This cast iron was made in an induction furnace. Nodular changes were obtained with the “In mold” methods, 
with the help of pre alloy Fe Si Cu Mg, with 10-16% Mg, added into the reaction chamber in a proportion of 1.1% 
of the treated cast iron. The microstructure in raw state is perlito-feritic typical for a cast iron with geometrically 
regular nodular form. The casted raw iron had the following mechanical properties: Rm=660 [N/mm
2
]; A = 8.4 [%]; 
HB = 225. 
2.2. Heat treatment 
The parameters of the heat treatment are: 
- The austenizing temperature, tA = 900 [°C] 
- The maintained time at austenizing temperature, τA = 30 [min]. 
- The temperature at isothermal level, tiz = 300, 350 and 400 [°C]. 
-The maintained time at the isothermal level, τiz = 5, 30, 60, 120, and 180 [min]. 
All these 3 experiment groups: lot A (tiz = 300 °C), lot B (tiz = 350 °C) and lot C (tiz = 400 °C), performed at 
isothermal maintenance in salt-bath (55% KNO3+ 45% NaNO3), being the cooling after the isothermal maintenance 
was done in air. 
3. Results 
After the heat treating there was used 15 samples were used to determine the abrasive wear, which was achieved 
on a laboratory plant type fixed cylindrical pin/disk involved typical car plate with fixed specimens, with a torque 
level IV. Each sample (φ 20 x 3 mm) was tested for wear with the same pressing force (FN = 40 N) for 1 hour. 
3.1. Determining the actual area wear 
Micro geometry view of the solid surface takes part in the wear and mechanical properties under the action of 
pressing the normal tasks (FN), the contact friction couplings, delimit the following types of surfaces: 
a) The nominal area (An), defined by the geometry of the lower body contour (X), equation (1). 
b) Contact surface appearance (Aa ), the sum of contact areas a1 , a2 ...ak , formed by undulation of processing, 
is characterized by the fact that bodies approaching the action zone of atomic or molecolar forces, equation (2); 
c)  Real contact area (Ar), which is the sum micro surfaces rough contact (surface contact spots) by sending it 
to actually push the normal force (FN), equation (3). 
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An = π R2 ;           (1) 
Aa = Σ ai ;            (2) 
Ar = Σ ci ;            (3) 
If research on tubes of S.G. cast iron wastage, nominal surface = 314 mm2, for all samples used. In the 
calculation of actual contact area (Ar ), totaling micro surfaces roughness contact (surfaces contact spots), it was 
used for determination of a specific formula for calculation (Martinez, et. al., 1993) : 
Ar = FN /  HV ;  [mm2 ]          (4) 
Where: FN - is normal tightness force [kgf];  
HV - Vickers is micro hardness [kgf / mm2] 
The indicative values of the actual contact area (Ar ), are presented in table 1. 
 
Table 1. The variation of the real wear contact values (Ar ) dependind on the isothermal heat treatment parameters (Tiz and τiz ) and  HV0,01  
 
tiz (°C) τ iz (min) HV 0,01 (kgf / mm2 ) Ar (mm2 ) x 10-3 
 5 475  8,42 
 30 448  8,92 
300 60 401  9,97 
 120 401  9,97 
 180 390 10,26 
 5 448  8,92 
 30 412  9,71 
350 60 390 10,26 
 120 380 10,53 
 180 352 10,64 
 5 390 10,26 
 30 352 11,37 
400 60 343 11,66 
 120 343 11,66 
 
 
180 335 11,94 
 
 
Studying the real surface value (Ar ) set the table 1 and the type of the torque wear type (IV type) are mentioned 
the following: 
a) Contact surfaces explicitly as: 
An ≥ Aa ≥ Ar            (5 ) 
b) the real contact area values (Ar ) vary according to different isothermal heat treaments parameters, are 
presented in Figure 1. 
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Figure 1. Changes in real surface contact values (Ar ) function of the isothermal heat treatment parameters (Tiz si τiz ) 
 
Annalizing the values presented in tabele 1 and figure 1 following remarkable observations: 
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- For the al isothermal maintained temperatures (Tiz = 300, 350 şi 400° C), the Ar value increase with increasing 
of the isothermal maintaining time (τiz ) from 5 to 120 minutes, this being due to micro hardness values HV0,01 , 
dependent values obtained after treatment of the structure; 
- Values of Ar increased for each isothermal maintaining time (τ iz = 5, 30, 60, 120 and 180) with increasing of 
the isothermal maintained temperatures from Tiz = 300 to 350, and 400° C and that due to the structure and the 
micro hardness evidence. 
4. Conclusions 
By studying all the data presented in this paper following remarkable conclusions: 
- The wear process was influenced by the structural changes of the specimen's surface. 
- To establish accurate values real contact area (Ar), a particularly important assessment of the worn surfaces 
micro hardness; 
- Real contact surface is directly influenced by heat treatment of quenching isotherm parameters (Tiz şi τiz) that 
have undergone tests and wear process parameters (FN and press of its time). 
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